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(54) Micro-electromechanical device, liquid discharge head, and method of manufacture therefor 



(57) A micro-electromechanical device comprises a 
movable member (6) having a fixedly supporting portion 
(6c) and movable portion (6b), and a substrate (1) for 
having the movable member which is supported in a 
state having a specific gap with the substrate. For this 
device, a metallic layer which provides the gap for the 
movable portion is covered by the fixedly supporting 
portion of the movable member, and remains to be used 



as a wiring layer. The wiring layer is electrically connect- 
ed with a plurality of wirings provided for the substrate. 
With the structure thus arranged, the electric resistance 
is made significantly small. The electrical efficiency is 
enhanced accordingly. Also, the apparatus (for example 
a thermal ink-jet printhead) that adopts this device is 
made smaller, and the costs of manufacture thereof is 
made lower as well. 



FIG. 1 




CL 
IU 



Printed by Jouve, 7500 1 PARIS (FR) 



1 



EP 1 057 637 A2 



2 



Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a micro-elec- 
tromechanical device, a liquid discharge head, and a 
method of manufacture therefor. 

Related Background Art 

[0002] The liquid discharge head, which is one exam- 
ple of the micro-electromechanical device used conven- 
tionallyfor an ink jet printer or the like, is such that liquid 
in each of the flow paths is heated and bubbled by 
means of heating elements, respectively, and that liquid 
is discharged from each of the discharge ports by the 
application of pressure exerted when liquid is bubbled. 
Each of the heating elements is arranged on an elemen- 
tal substrate, and driving voltage is supplied to each of 
them through wiring on the elemental substrate. 
[0003] For a liquid discharge head of the kind, there 
is a structure in which a movable member is arranged 
in the flow path in a cantilever fashion where one end of 
the movable member is supported. One end (fixedly 
supported portion) of this movable member Is fixed onto 
the elemental substrate, while the other end (movable 
portion) is made extendable into the interior of each liq- 
uid flow path. In this manner, each movable member is 
supported on the elemental substrate with a certain gap 
with the surface thereof, and arranged to be displacea- 
ble in each flow path by the pressure exerted by bub- 
bling or the like. 

[0004] For the conventional example described 
above, the wiring is formed on the elemental substrate. 
The wiring is extremely thin, and its resistance value is 
great. Then, from this elemental substrate, the wiring is 
connected with the external driving circuit or the like. 
However, with such large resistance value of the wiring, 
the electrical loss becomes great inevitably. Also, in or- 
der to make the resistance value smaller even by a slight 
amount, the wiring should preferably be made flat and 
wide. As a result, the liquid discharge head is formed in 
a larger size inevitably. 

SUMMARY OF THE INVENTION 

[0005] Now, therefore, the present invention is de- 
signed with a view to solving the problems discussed 
above. It is an object of the invention to provide a micro- 
electromechanical device capable of reducing the elec- 
trical toss of wiring without making the structure compli- 
cated or making the size of the device large. It is also 
the object of the invention to provide a liquid discharge 
head and a method of manufacture therefor. 
[0006] In order to achieve the object of the invention 
discussed above, it has a feature given below. 



[0007] The micro-electromechanical device of the 
present invention comprises a fixedly supporting portion 
and a movable portion, and a substrate for supporting 
the movable member which is supported in a state hav- 
s ing a specific gap with the substrate. For this device, a 
metallic layer which provides the gap for the movable 
portion is covered by the fixedly supporting portion of 
the movable member, and remains to be used as a wir- 
ing layer. 

10 [0008] Also, the wiring layer is electrically connected 
with a plurality of wirings provided for the substrate. 
[0009] Another feature of the present invention is the 
provision of a liquid discharge head comprising an ele- 
mental substrate; a ceiling plate laminated on the ele- 

is mental substrate; a flow path formed between the ele- 
mental substrate and the ceiling plate; and a movable 
member each having a fixedly supporting portion and a 
movable portion, the movable portion of which is posi- 
tioned in each of the flow paths. Here, the movable 

20 member is supported in a state having a specific gap 
with the elemental substrate. For this liquid discharge 
head, a metallic layer for providing the gap for the mov- 
able portion is covered by the fixedly supporting portion 
of the movable member, and remains to be used as a 

25 wiring layer. 

[0010] Also, this liquid discharge head, a heating el- 
ement is provided for the elemental substrate corre- 
sponding to the flow path, and the aforesaid wiring layer 
may be electrically connected with the heating element 

30 through wiring. 

[0011] With the structure thus arranged, at least a part 
of the metallic layer that forms a sufficiently thick gap 
can be utilized as wiring, hence making it possible to 
reduce the value of electric resistance. 

35 [0012] Also, a method of the present invention for 
manufacturing a liquid discharge head, which is provid- 
ed with an elemental substrate, a ceiling plate laminated 
on the elemental substrate, and a flow path formed be- 
tween the elemental substrate and the ceiling plate, 

40 comprises the steps of forming a metallic layer for the 
formation of a gap on the elemental substrate; forming 
a thin film layer on the metallic layer to become a mov- 
able member; removing a portion of the metallic layer 
positioned below the movable portion of the movable 

4S member, while keeping the portion of the movable mem- 
ber positioned below the fixedly supporting portion to re- 
main intact; and making at least a part of the remaining 
portion of the metallic layer as a wiring layer to be elec- 
trically connected with the wiring pattern on the elemen- 

so tal substrate. 

[0013] Here, the thin film layer is formed by SiN, and 
the metallic layer is formed by Al or may be formed by 
Al alloy. 

[0014] In this respect, the term "upstream" and the 
55 term "downstream" referred to in the description hereof 
are used to express the flow direction of liquid from the 
liquid supply source toward the discharge ports through 
the bubbling areas (or movable members) or to express 
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the structural directions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Fig. 1 is a cross-sectional view which illustrates 
the structure ol a liquid discharge head in accordance 
with one embodiment of the present invention, taken in 
the liquid flow direction. 

[0016] Fig. 2 is a cross-sectional view which shows 
the elemental substrate used for the liquid discharge 
head represented in Fig. 1 . 

[0017] Fig. 3 is a cross-sectional view which illustrates 
the electrical connection of the liquid discharge head 
represented in Fig. 1, taken in the liquid flow path. 
[001 8] Fig. 4 is a plan view which schematically shows 
the liquid discharge head represented in Fig. 3 without 
the protection layer and others. 
[0019] Fig. 5 is a schematically sectional view which 
shows the elemental substrate by vertically sectioning 
the principal elements of the elemental substrate repre- 
sented in Fig. 2. 

[0020] Figs. 6A, SB, 6C, 6D and 6E are views which 
illustrate a method for forming a movable member on 
an elemental substrate. 

[0021] Fig, 7 is a view which illustrate a method for 
forming SiN film on the elemental substrate by use of a 
plasma CVD apparatus. 

[0022] Fig. 8 is a view which illustrate a method for 
forming SiN film on the elemental substrate by use of a 
dry etching apparatus. 

[0023] Figs. 9A, 9B and 9C are views which illustrate 
a method for forming movable members and flow path 
side walls on an elemental substrate. 
[0024] Figs. 10A, 10B and 10C are views which illus- 
trate a method for forming movable members and flow 
path side walls on an elemental substrate. 
[0025] Fig. 11 is a plan view which schematically 
shows the wiring area on the elemental element of the 
liquid discharge head in accordance with the first em- 
bodiment of the present invention. 
[0026] Fig. 12 is a cross-sectional view which illus- 
trates the electric connection of the liquid discharge 
head in accordance with a third embodiment of the 
present invention, taken in the flow path direction. 
[0027] Fig. 1 3 is a schematic view of a circuit which 
illustrates the electrical connection of the liquid dis- 
charge head in accordance with the first embodiment of 
the present invention. 

[0028] Fig. 14 is a schematic view of a circuit which 
illustrates the electrical connection of the liquid dis- 
charge head in accordance with the third embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] Now, the description will be made of a liquid 
discharge head as one embodiment to which the 



present invention is applicable, which comprises a plu- 
rality of discharge ports for discharging liquid; a first sub- 
strate and a second substrate, which are bonded togeth- 
er to form a plurality of liquid flow paths communicated 

5 with each of the discharge ports; a plurality of energy 
converting elements arranged in each of the liquid flow 
paths for converting electric energy to energy for dis- 
charging liquid in each liquid flow path; and a plurality 
of elements having different functions or electric circuits 

10 for controlling the driving condition of each of the energy 
converting elements. 

[0030] Fig. 1 is a cross-sectional view which shows 
the leading end portion of a liquid discharge head sche- 
matically in accordance with one embodiment of the 

'5 present invention, taken in the liquid flow direction. 
[0031] As shown in Fig. 1, the liquid discharge head 
is provided with the elemental substrate 1 having the 
plural numbers (in Fig. 1 , only one is shown) of heating 
elements 2 arranged in parallel lines, which generate 

20 thermal energy for creating bubbles in liquid; the ceiling 
plate 3 which is bonded to the elemental substrate 1; 
the orifice plate 4 bonded to the front faces of the ele- 
mental substrate 1 and ceiling plate 3; and movable 
member 6 installed in the liquid flow paths 7 formed by 

25 the elemental substrate 1 and the ceiling plate 3. 

[0032] The elemental substrate 1 is the one having a 
silicon oxide or silicon nitride film formed on the sub- 
strate of silicon or the like for insulation and heat accu- 
mulation, and also, having thereon the electric resistive 

30 layer and wiring formed by patterning, thus making each 
of the heating elements 2. Each of the heating elements 
2 generates heat when voltage is applied from the wiring 
to the electric resistive layer to enable electric current 
to run on it. 

3S [0033] The ceiling plate 3 is the one that forms a plu- 
rality of liquid flow paths 7 corresponding to each of the 
heating elements 2, and a common liquid chamber 8 for 
supplying liquid to each of the liquid flow paths 7. The 
ceiling plate 3 is integrally formed with the liquid path 

40 side walls 9 that extend between each of the heating 
elements 2 from the ceiling portion. The celling plate is 
formed by silicon material to be able to provide the pat- 
terns of the liquid flow paths 7 and the common liquid 
chamber 9 by means of etching, or to form the liquid flow 

& path 7 portion by means of etching after depositing the 
material that becomes the liquid flow path side walls 9, 
such as silicon nitride, silicon oxide, on the silicon sub- 
strate by the known film formation method of CVD or the 
like. 

so [0034] For the orifice plate 4, a plurality of discharge 
ports 5 are formed corresponding to each of the liquid 
flow paths 7, and communicated respectively with the 
common liquid chamber 8 through the liquid flow paths 
7. The orifice plate 4 is also formed by silicon material. 

55 For example, this plate may be formed by cutting the 
silicon substrate used for forming the discharge ports 5 
to a thickness of approximately 10 - 150 um In this re- 
spect, the orifice plate 4 is not necessarily among the 
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constituents of the present invention. Instead of the pro- 
vision of the orifice plate 4, it may be possible to make 
a ceiling plate with discharge ports 5 by processing the 
front end face of the ceiling plate 3 to leave a wall intact 
in a thickness equivalent to that of the orifice plate 4 
when the liquid flow paths 7 are formed on the ceiling 
plate 3. 

[0035] The movable member 6 is a thin film in the form 
of a cantilever which is arranged to face the heating el- 
ement 2 and divide the first liquid flow path 7a commu- 
nicated with the discharge port 5 of the liquid flow path 
7 into the second liquid flow path 7b. Each of the mov- 
able members is formed by a silicon insulation material, 
such as silicon nitride, silicon oxide. 
[0036] The movable member 6 is arranged in a posi- 
tion to face the heating element 2 with a specific dis- 
tance from the heating element 2 in a state to cover the 
heating element 2 so that the fixedly supporting portion 
6c is provided for this member on the upstream side of 
a large flow which runs by the discharge operation of 
liquid from the common liquid chamber 8 to the dis- 
charge port 5 side through the movable member 6; and 
that the movable portion 6b is provided for this member 
on the downstream side with respect to the fixedly sup- 
porting portion 6c. The gap between the heating ele- 
ment 2 and the movable member 6 becomes each of 
the bubbling areas 10. 

[0037] Now, when the heating element 2 is driven to 
give heat in accordance with the structure described 
above, heat is applied to liquid on the bubbling area 10 
between the movable member 6 and the heating ele- 
ment 2. Then, on the heating element 2, bubbles are 
generated and developed by film boiling phenomenon. 
The pressure exerted by the development of each bub- 
ble acts upon the movable member 6 priorly to enable 
the movable member 6 to be displaced to open widely 
to the discharge port 5 side centering on the fulcrum 6a 
as indicated by broken line in Fig. 1 . Due to the displace- 
ment of the movable member 6 or due to being in the 
displaced state of the movable member, the propagation 
of the pressure and the development of the bubble itself 
brought about by the generation of the bubble are led to 
the discharge port 5 side, hence discharging liquid from 
the discharge port 5. 

[0038] In other words, with the movable member 6 
provided for the bubbling area 1 0, having the fulcrum 6a 
on the upstream side (common liquid chamber B side) 
of the liquid flow in the liquid flow path 7, and the mov- 
able portion 6b on the downstream side (discharge port 
5 side) thereof, the direction of the bubble pressure 
propagation is ledtothe downstream side, thus enabling 
the bubble pressure to directly contribute to the effective 
performance of discharge. Then, the direction of the 
bubble development itself is also led to the downstream 
side in the same way as the direction of the pressure 
propagation to make it to be developed larger in the 
downstream side than the upstream side. Now that the 
direction of the bubble development itself is controlled 



6 

by the movable member, and also, the direction of the 
bubble pressure propagation is controlled as described 
above, it becomes possible to improve the fundamental 
discharge characteristics, such as the discharge effi- 
s ciency and discharge power or the discharge speeds, 
among some others. 

[0039] Meanwhile, when the bubble enters the defam- 
ing process, the bubble is defamed rapidly. Then, the 
movable member 6 returns lastly to the initial position 

10 indicated by solid line in Fig. 1 . At this juncture, liquid is 
allowed to flow in from the upstream side, that is, the 
common liquid chamber 8 side in order to make up the 
contracted volume of bubble on the bubbling area 10 or 
to make up the voluminal portion of liquid that has been 

is discharged. Here, the liquid refilling is made in the liquid 
flow path 7, but this liquid refilling is performed efficient- 
ly, rationally, and stably along with the returning action 
of the movable member 6. 

[0040] Also, the liquid discharge head of the present 
20 embodiment is provided with the circuits and elements 
for driving each of the heating elements 2, and also, for 
controlling the driving thereof. These circuits and ele- 
ments are arranged on the elemental substrate 1 or on 
the ceiling plate 3 depending on each of the functions 
25 that should be carried out by them as allocated accord- 
ingly. Also, these circuits and elements can be formed 
easily and precisely by the application of the semicon- 
ductor wafer processing technologies, because the el- 
emental substrate 1 and the ceiling plate 3 are struc- 
30 tu red by use of silicon material. 

[0041] Hereunder, the description will be made of the 
structure of the elemental substrate 1 formed by the ap- 
plication of the semiconductor wafer processing tech- 
nologies. 

35 [0042] Fig. 2 is a cross-sectional view which shows 
the circumference of a heating element os the elemental 
substrate used for the liquid discharge head represent- 
ed in Fig. 1 . As shown in Fig. 2, the elemental substrate 
1 used for the liquid discharge head of the present em- 

40 bodiment is formed by laminating the thermal oxidation 
film (Si0 2 layer in a th ickness of approximately 0.55 u.m, 
for example) 302 and the interlayer film 303 that dually 
functions as the heat accumulation layer on the surface 
of the substrate 301 formed by silicon (or ceramics) in 

46 that order. As the interlayer film 303, S0 2 film or Si 3 N 4 
film is used. On the surface of the interlayer film 303, a 
resistive layer (TaN layer in a thickness of approximately 
1000 A, for example) 304 is partly formed. Then, on the 
surface of the resistive layer 304, the wiring 305 is partly 

so formed. As the wiring 305, Al wiring or Al alloy wiring, 
such as Al - Si, Al - Cu, in a thickness of approximately 
5000 A is used. The wiring 305 is patterned by the pho- 
tolithographic method and wet etching method. The re- 
sistive layer 304 is patterned by the photolithographic 

55 method and dry etching method. On the surface of the 
wiring 305, resistive layer 304, and interlayer film 303, 
the protection layer 306 is formed by SiOg or Si 3 N 4 in a 
thickness of approximately 1 um On the portion and the 



4 



7 



EP 1 057 637 A2 



8 



circumference thereof of the surface of the protection 
film 306, which correspond to the resistive layer 304, the 
cavitation proof film (SiN layer in a thickness of approx- 
imately 2000 A, for example) 307 is formed in order to 
protect the protection film 306 from the chemical and 
physical shocks following the heating of the resistive lay- 
er 304. The surface of the resistive layer 304, where the 
wiring 305 is not formed, becomes the thermoactive por- 
tion (heating element) 308 where the heat of the resis- 
tive layer 304 is activated. 

[0043] The films on the elemental substrate 1 are 
formed one after another on the surface of the silicon 
substrate 301 by the application of the semiconductor 
manufacturing technologies and techniques. Thus, the 
thermoactive portion 308 is provided for the silicon sub- 
strate 301 . 

[0044] Fig. 3 is a cross-sectiona! view which shows in 
detail the circumference of the fixedly supporting portion 
of the movable member of the elemental substrate. Fig. 
4 is a schematic plan view thereof. As described earlier, 
the heat accumulation layer 302 and the interlay er film 
303 are laminated on the substrate 301, Then, the re- 
sistive layer 304 and the wiring 305 are patterned, re- 
spectively. Also, in the gap between the inter layer film 
303 and the resistive layer 304, the wiring 210 is partly 
formed. Further, The protection film 306 and the cavita- 
tion proof film 307 are laminated. Then, on the part of 
the interlayer film 303, the through hole 211 is formed. 
Also, for the protection film 306, the through hole 201 is 
formed by means of the dry etching or the like. 
[0045] Then, by use of the sputtering method, there 
are formed the metallic layer (Al layer in a thickness of 
approximately 5 jam, for example) 71 for the formation 
of the gap, and the protection layer (71 W layer in a thick- 
ness of approximately 3000 A, for example) 202 (see 
Fig. 1 1 ). The thickness of the metallic layer 71 that forms 
this gap becomes the gap dimension between the mov- 
able member 6 and the resistive layer 304 which serves 
as the base thereof. 

[0046] With the structure thus arranged, the wiring 
305 is electrically connected with the wiring 210 by way 
of the through hole 211 and the resistive layer 304. Fur- 
ther, the metallic layer 71 that forms the gaps is electri- 
cally connected with the wiring 305 by way of the 
through hole 201 and the resistive layer 304. 
[0047] Continuously, then, the SiN thin film layer 72 
that becomes the movable member 6 is laminated by 
the CVD method for its formation in a thickness of 5 urn. 
Further, after that, by the photolithographic method and 
dry etching method, the SiN thin film layer 72 is pat- 
terned to form the movable member 6 having the mov- 
able portion 6b and the fixedly supporting portion 6c 
thereof. At the same time, in accordance with the 
present invention, the metallic layer 71 that forms the 
gap should be used as the wiring. Therefore, a part of 
the Sin thin film layer 72 that becomes the movable 
member 6 is left intact on a specific location on the sur- 
face of the metallic layer 71 for the purpose to enable 



such part to function as the protection film for the wiring 
thus arranged. 

[0048] Then, by means of the wet etching, the portion 
of the metallic layer 71 that forms the gap, which is po- 

s sit ion ed below the movable portion 6b of the movable 
member 6 (that is, the remaining portion of the thin film 
layer 72) is removed together with the other unwanted 
portions. Thus, it is arranged to leave intact the portion 
of the metallic layer 71 that forms the gap, which is po- 

10 sitioned below the fixedly supporting portion 6c of the 
movable portion 6b (that is, the remaining portion of the 
thin film layer 72). This portion is designated as the me- 
tallic layer 71a that forms the gap. In this way, the mov- 
able member 6 is formed with the one end being in the 

is cantilever fashion In which the fixedly supported portion 
of the movable member is fixed on the metallic layer 71 a 
that forms the gap. Lastly, the protection layer 202 
formed by TiW (see Fig. 11) is removed by etching the 
entire surface of the H 2 0 2 . Then, using the photographic 

20 method the electrode pad portion is patterned to com- 
pete the elemental substrate. 

[0049] Here, by the utilization of the metallic layer 71 a 
that forms the gap as the wiring layer, it becomes pos- 
sible to reduce the resistance value of the wiring approx- 

25 imately by 1/2 to 1/5 times in total, because the thick- 
ness of this layer is made approximately 5 to 10 times 
the thickness of the conventional one. 
[0050] Fig. 5 is a schematically cross-sectional view 
which shows the elemental substrate 1 by vertically sec- 

30 tioning the principal elements of the elemental substrate 
1 represented in Fig. 2. 

[0051] As shown in Fig. 5, the N type well region 422 
and the P type well region 423 are locally provided for 
the surface layer of the silicon substrate 301 which is 

35 the P conductor. Then, using the general MOS process 
the P-MOS 420 is provided for the N type well region 
422, and the N-MOS 421 is provided for the P type well 
region 423 by the execution of impurity plantation and 
diffusion, such as the ion plantation. The P-MOS 420 

40 comprises the source region 425 and the drain region 
426, which are formed by implanting the N type or P type 
impurities locally on the surface layer of the N type well 
region 422, and the gate wiring 435 deposited on the 
surface of the N type well region 422 with the exception 

& of the source region 425 and the drain region 426 
through the gate insulation film 428 which is formed in 
a thickness of several hundreds of A, and some others. 
Also, the N-MOS 421 comprises the source region 425 
and the drain region 426, which are formed by implant- 

50 jng the N type or P type impurities locally on the surface 
layer of the P type well region 423, and the gate wiring 
435 deposited on the surface of the P type well region 
423 with the exception of the source region 425 and the 
drain region 426 through the gate insulation film 428 

55 which is formed in a thickness of several hundreds of A, 
and some others. The gate wiring 435 is made by poly- 
silicon deposited by the CVD method in a thickness of 
4000 A - 5000 A. Then, the C-MOS logic is structured 
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with the P-MOS 420 and 1he N-MOS 421 thus formed. 
[0052] The portion of the P type well region 423, wh ich 
is different from that of the N-MOS 421 , is provided with 
the N-MOS transistor 430 for driving use of the electro- 
thermal converting element. The N-MOS transistor 430 
also comprises the source region 432 and the drain re- 
gion 431 , which are provided locally on the surface layer 
of the P type well region 423 by the impurity implantation 
and diffusion process or the like, and the gate wiring 433 
deposited on the surface portion of the P type well region 
423 with the exception of the source region 432 and the 
drain region 431 through the gate insulation film 428, 
and some others. 

[0053] In accordance with the present embodiment, 
the N-MOS transistor 430 is used as the transistor for 
driving use of the electrothermal converting element. 
However, the transistor is not necessarily limited to this 
one if only the transistor is capable of driving a plurality 
of electrothermal converting elements individually, and 
also, obtainable the fine structure as described above. 
[0054] Between each of the elements, such as be- 
tween the P-MOS 420 and the N-MOS 421, between 
the N-MOS 421 and the N-MOS transistor 430, the ox- 
idation film separation area 424 is formed by means of 
the field oxidation in a thickness of 5000 A - 10000 A. 
Then, by the provision of such oxidation film separation 
area 424, the elements are separated from each other. 
The portion of the oxidation film separation area 424, 
that corresponds to the thermoactive portion 308, is 
made to function as the heat accumulating layer 434 
which is the first layer, when observed from the surface 
side of the silicon substrate 301. 
[0055] On each surface of the P-MOS 420, N-MOS 
421 , and N-MOS transistor 430 elements, the interlayer 
insulation film 436 of PSG film, BPSG film, or the like is 
formed by the CVD method in a thickness of approxi- 
mately 7000 A. After the interlayer insulation film 436 is 
smoothed by heat treatment, the wiring is arranged us- 
ing the Al electrodes 437 that become the first wiring by 
way of the contact through hole provided for the inter- 
layer insulation film 436 and the get insulation film 428. 
On the surface of the interlayer insulation film 436 and 
the Al electrodes 437, the interlayer insulation film 438 
of Si0 2 is formed by the plasma CVD method in a thick- 
ness of 10000 A - 15000 A. On the portions of the sur- 
face of the interlayer insulation film 438, which corre- 
spond to the thermoactive portion 308 and the N-MOS 
transistor 430, the resistive layer 304 is formed with 
TaN„ 

s.hex ^ m by * ne DC sputtering method in a thick- 
ness of approximately 1000 A. The resistive layer 304 
is electrically connected with the Al electrode 437 in the 
vicinity of the drain region 431 by way of the through 
hole formed on the interlayer insulation film 438. On the 
surface of the resistive layer 304, the Al wiring 305 is 
formed to become the second wiring for each of the elec- 
trothermal transducing elements. Here, the aforesaid 
wiring 210 may be the same as the Al electrode 437 
without any problem. The protection film 306 on the sur- 



faces of the wiring 305, the resistive layer 304, and the 
interlayer insulation film 438 is formed with S^ film by 
the plasma CVD method in a thickness of 10000 A. The 
cavitation proof film 307 on the surface of the protection 
5 film 306 is formed with Ta in a thickness of approximately 
2500 A. 

[0056] Now, the description will be made of a method 
for manufacturing movable members on an elemental 
substrate by the utilization of the photolithographic proc- 
10 ess. 

[0057] Figs. 6A to 6E are view which illustrate one ex- 
ample of the method for manufacturing movable mem- 
bers 6 for the liquid discharge head shown in conjunc- 
tion with Fig. 1 . Figs. 6A to 6E are cross-sectional views 

is taken in the flow path direction of the liquid flow paths 7 
shown in Fig. 1 . In accordance with the method of man- 
ufacture described in conjunction with Figs. 6A to 6E, 
the elemental substrate 1 having the movable members 
6 formed thereon, and the ceiling plate having the flow 

20 path side walls formed thereon are bonded to manufac- 
ture the liquid discharge head which is structured as 
shown in Fig. 1 . Therefore, by this method of manufac- 
ture, the flow path side walls are incorporated in the ceil- 
ing plate before the ceiling plate is bonded to the ele- 

25 mental substrate 1 having the movable members 6 in- 
corporated thereon. 

[0058] At first, in Fig. 6A, the first protection layer of 
TiW film 76, which protects the pad portion for use of 
electrical connection with heating elements 2, is formed 

30 by the sputtering method in a thickens of approximately 
5000 A on the entire surface of the elemental substrate 
1 on the heating element 2 side. 
[0059] Then, in Fig. 6B, the metallic layer (Al film) 71 
is formed by the sputtering method in a thickness of ap- 

35 proximately 4 |xm on the surface of the TiW film 76 in 
order to make the gap for the formation of the metallic 
layer 71a. The metallic layer 71 that forms the gap is 
arranged to extend up to the area where the thin film 
layer (SiN film) 72a is etched in the process shown in 

40 Fig. 6D which will be described later. 

[0060] The metallic layer 71 that forms the gap is the 
one that forms the gap between the elemental substrate 
1 and each movable member 6, which is the Al film. The 
metallic layer 71 that forms the gap is formed on the en- 

45 tire surface of the TiW film 76 which includes the posi- 
tions corresponding to each of the bubbling areas 10 
between the heating element 2 and the movable mem- 
ber 6 shown in Fig. 1 . Therefore, in accordance with this 
method ol manufacture, the metallic layer 71 that forms 

50 the gap is formed up to the portion on the surface of the 
TiW film 76, which corresponds to the flow path side 
walls. 

[0061] The metallic layer 71 that forms the gap is 
made to function as an etching stop layer when the mov- 
55 able members 6 are formed by means of the dry etching, 
which will be described later. This is because the Ta film 
that serves as the cavitation proof layer for the elemental 
substrate 1 , and the SiN film that serves as the protec- 
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tion layer on the resistive elements are subjected to be- 
ing etched by the etching gas used for the formation of 
the liquid flow paths 7. Thus, in order to prevent the layer 
and film from being etched, the metallic layer 71 is 
formed on the elemental substrate 1 that forms the gap 
on the elemental substrate. In this manner, the surface 
of the TiW film 76 is not exposed when the SiN film is 
dry etched for the formation of the movable members 6, 
and any damages that may be caused to the TiW film 
76 and the functional elements on the elemental sub- 
strate 1 by the performance of the dry etching are pre- 
vented by the provision of the metallic layer 71 that 
forms the aforesaid gap. 

[0062] Then, in Fig. 6C, using the plasma CVD meth- 
od the SiN film (thin film layer) 72a, which is the material 
film for the formation of the movable members 6, is 
formed in a thickness of approximately 4.5 u.m on the 
entire surface of the metallic layer 71 that forms the gap, 
and all the exposed surface of the TiW film 76 so as to 
cover the metallic layer 71 that forms the gap. Here, 
when the SiN film 72a is formed by use of the plasma 
CVD apparatus, the cavitation proof film of the Ta pro- 
vided for the elemental substrate 1 should be grounded 
through the silicon substrate or the like that forms the 
elemental substrate 1 as in the description to follow with 
reference to Fig. 7. In this way, it becomes possible to 
protect the heating elements 2 and functional elements, 
such as latch circuits, on the elemental substrate 1 from 
the ion seeds decomposed by the plasmic discharges 
and the radical loads in the reaction chamber of the plas- 
ma CVD apparatus. 

[0063] As shown in Fig. 7, the RF electrodes 82a and 
the stage 85a are arranged in the reaction chamber 83a 
of the plasma CVD apparatus to face each other with a 
specific distance between them for the formation of the 
SiN film 72a. To the RF electrodes 82a, voltage is ap- 
plied from the RF supply source 81a arranged outside 
the reaction chamber 83a. On the other hand, the ele- 
mental substrate 1 is installed on the surface of the 
stage 85a on the RF electrode 82a side so that the sur- 
face of the elemental substrate 1 on the heating mem- 
bers 2 side is set to face the RF electrodes 82a. Here, 
the cavitation proof film' of the Ta formed on the surface 
of each of the heating members 2 on the elemental sub- 
strate 1 is connected electrically with the silicon sub- 
strate of the elemental substrate 1. Then, the metallic 
layer 71 that forms the gap is grounded through the sil- 
icon substrate of the elemental substrate 1 and the 
stage 85a. 

[0064] With the plasma CVD apparatus thus struc- 
tured, gas is suppliedtothe interior of the reaction cham- 
ber 83a through the supply tube 84a while the cavitation 
proof film which is in a state of being grounded, and plas- 
ma 46 is generated between the elemental substrate 1 
and the RF electrode 82a. The ion seed and radical de- 
composed by the plasmic discharges in the reaction 
chamber 83a are deposited on the elemental substrate 
1 to form the SiN film 72a on the elemental substrate 1 . 



Then, electric charges are generated by the ion seed 
and radical on the elemental substrate 1 . However, with 
the cavitation proof film being grounded as described 
above, it is possible to prevent the heating elements 2 
5 and the functional elements, such as latch circuits, on 
the elemental substrate 1 from being damaged due to 
the electric charges. 

[0065] Now, in Fig. 6D, the Al film is formed by sput- 
tering method on the surface of the SiN film 72a in a 

io thickness of approximately 61 00 A. Afterthat, the Al film 
thus formed is patterned by use of the known photolith- 
ographic process to keep the Al film (not shown) remain- 
ing as the second protection layer on the portion on the 
SiN film 72a corresponding to the movable member 6. 

15 The Al film that serves as the second protection layer 
becomes the protection layer (etching stop layer), that 
is, a mask, when the SiN film 72a is dry etched to form 
the movable member 6. 

[0066] Then, with the etching apparatus that uses di- 
20 electric coupling plasma, the SiN film 72a is patterned 
with the second protection layer as the mask to form the 
movable member 6 which is structured with the remain- 
ing portion of the SiN film 72a. This etching apparatus 
uses a mixed gas of CF 4 and 0 2 . In the process in which 
the SiN film 72a is patterned, the unwanted portion of 
the SiN film 72a is removed so that the fixedly supporting 
portion of the movable member 6 is directly fixed on the 
elemental substrate 1 as shown in Fig. 1 . Here, the TiW 
which is the structural material of the pad protection lay- 
er, and the Ta which is the structural material of the cav- 
itation proof film of the elemental substrate 1 are includ- 
ed in the structural material of the close contact portion 
between the fixedly supporting portion of the movable 
member 6 and the elemental substrate 1. 
[0067] Here, when the SiN film 72a is etched by use 
of the dry etching apparatus, the metallic layer 71 that 
forms the gap is grounded through the elemental sub- 
strate 1 or the like as to be described next with reference 
to Fig. 8. In this way, it is arranged to prevent the ion 
seed and radical charges generated by the decomposi- 
tion of the CF 4 gas from residing on the metallic layer 
71 that forms the gap at the time of being dry etched, 
thus protecting the heating elements 2 and the function- 
al elements, such as latch circuits, of the elemental sub- 
strate 1. Also, in this etching process, the metallic layer 
71 that forms the gap is produced as described above 
on the portions of the SiN film 72a, which are exposed 
by removing the unwanted portions, that is, the area to 
be etched. Therefore, the surface of the TiW film 76 is 
not exposed, and the elemental substrate 1 is reliably 
protected by the metallic layer 71 that forms the gap. 
[0068] As shown in Fig. 8, there are arranged the RF 
electrodes 82b and the stage 85b to face each other with 
a specific distance between them in the reaction cham- 
ber 83b of the dry etching apparatus for etching the SiN 
fifm 72a. To the RF electrodes 82b, voltage is applied 
from the RF supply source B1b outside the reaction 
chamber 83b. On the other hand, the elemental sub- 
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strate 1 is installed on the surface of the stage 85b on 
the RF electrode 82b side. Then, the surface of the el- 
emental substrate 1 on the heating element 2 side is set 
to face the RF electrode 82b. Here, the metallic layer 71 
that forms the gap with the Al film is electrically connect- 
ed with the cavitation proof film formed by Ta provided 
forthe elemental substrate 1 . Then, as described earlier, 
the cavitation proof f iim is electrically connected with the 
silicon substrate of the elemental substrate 1. There- 
fore, the metallic layer 71 to form such gap is grounded 
through the cavitation proof film and silicon substrate of 
the elemental substrate 1, and the stage 85b as well. 
[0069] In the dry etching apparatus thus structured, 
the CF 4 and 0 2 mixed gas is supplied in the reaction 
chamber 83b through the supply tube 84b in the state 
where the metallic layer 71 that forms the gap is ground- 
ed, thus etching the SiN film 72a. In this case, electric 
load is given to the elemental substrate 1 by the ion seed 
and radical generated by the decomposition of the CF 4 
gas. However, with the metallic layer 71 that forms the 
gap which is grounded as described above, it is possible 
to prevent the heating elements 2 and the functional el- 
ements, such as latch circuits, on the elemental sub- 
strate 1 from being damaged by the electric discharges 
generated by the ion seed and radical. 
[0070] In accordance with the present embodiment, 
the CF 4 and 0 2 mixed gas is used as the gas to be sup- 
plied into the interior of the reaction chamber 83b, but it 
may be possible to use a CF 4 gas without 0 2 mixed or 
C 2 F 6 gas or a mixed gas of C 2 F 6 and 0 2 . 
[0071] Now, in Fig. 6E, using a mixed acid of acetic 
acid, phosphoric acid, and nitric acid the second protec- 
tion layer is liquidated to be removed from the Al film 
formed for the movable member 6. At the same time, 
the metallic layer 71 that forms the gap by use of the Al 
film is partly liquidated to be removed. Then, the metallic 
layer 71a that forms the gap is made by the remaining 
portion thereof. In this manner, the movable member 6 
is incorporated on the elemental substrate 1 which is 
supported by the metallic layer 71a that forms the gap. 
After that, the portions of the TiW film 76 formed on the 
elemental substrate 1 , which correspond to the bubbling 
areas 10 and pads, are removed by use of hydrogen 
peroxide. 

[0072] For the above example, the description has 
been made of the case where the flow path side walls 
9 are formed for the ceiling plate 3. However, it may be 
possible to form the flow path side walls 9 on the ele- 
mental substrate 1 at the same time when the movable 
members 6 are formed on the elemental substrate 1 by 
means of the photolithographic process. 
[0073] Hereunder, with reference to Figs. 9A to 9C 
and Figs. 10A to 10C, the description will be made of 
one example of the process in which the movable mem- 
ber 6 and the flow path side walls are formed when the 
movable members 6 and the flow path side walls 9 are 
provided for the elemental substrate 1. Here, Figs. 9A 
to 9C and Figs. 10A to 10C illustrate the sections in the 



direction orthogonal to the direction of the liquid flow 
paths on the elemental substrate where the movable 
members and the flow path side walls are formed. 
[0074] At first, in Fig. 9A, the TiW film which is not 

s shown is formed by the sputtering method in a thickness 
of approximately 5000 A on the entire surface of the el- 
emental substrate 1 on the heating element 2 side as 
the first protection layer which protects the pad portion 
for use of electrical connection with heating elements 2. 

io Then, the metallic layer (Al film) 71 is formed by the sput- 
tering method in a thickness of approximately 4 u/n on 
the heating member 2 side of the elemental substrate 
1. The Al film thus formed is patterned by the known 
means of photolithographic process to form a plurality 

is of the metallic layers 71 that form the gaps with Al film, 
which provide each gap between the movable members 

6 and the elemental substrate 1 in the corresponding 
positions between the heating elements 2 and the mov- 
able members 6 shown in Fig. 1. The metallic layer 71 

20 that forms each of the gaps extends up to the area where 
the SiN lilm 72, that is, the material film used for the 
formation of movable members 6, is etched in the proc- 
ess which will be described later in conjunction with Fig. 
10B. 

25 [0075] The metallic layer 71 that forms each gap func- 
tions as the etching stop layer when the liquid flow paths 

7 and the movable members 6 are dry etched as de- 
scribed later. This is because the TiW layer that serves 
as the pad protection layer on the elemental substrate 

30 1 , the Ta film that serves as the cavitation proof film, and 
the SiN film that serves as the protection layer for the 
resistive elements are etched by the etching gas used 
when the liquid flow paths 7 are formed. The metallic 
layer 71 that forms each gap prevents these layer and 

35 films from being etched. As a result, when the liquid flow 
paths 7 are dry etched, the width of the direction of the 
metallic layer 71 that forms each of the gaps, which is 
orthogonal to the flow path direction of the liquid flow 
paths 7, becomes larger than the width of the liquid flow 

40 paths 7 formed in the process to be described in con- 
junction with the Fig. 10B so that the surface of the el- 
emental substrate 1 on the heating element 2 side, and 
the TiW layer on the elemental substrate 1 are not al- 
lowed to be exposed. 

45 [0076] Further, the heating elements 2 and the func- 
tional elements on the elemental substrate 1 may be 
damaged by the ion seed and radical generated by the 
decomposition of CF 4 gas at the time of dry etching, but 
the metallic layer 71 that forms the gaps with Al receives 

so the ion seed and radical and protects the heating ele- 
ments 2 and functional elements on the elemental sub- 
strate 1 . 

[0077] Then, in Fig. 9B, on the surface of the metallic 
layer 71 that forms each gap, and the surface of the el- 
ss emental substrate 1 on the metallic layer 71 side that 
forms each gap, the SiN film (thin film layer) 72, which 
is the material film for the formation of the movable 
members 6, is formed in a thickness of approximately 
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4.5 jLim so as to cover the metallic layer 72 that forms 
each gap. Here, as described with reference to Fig. 7, 
the SiN film 72 is formed by use of the plasma C VD ap- 
paratus, the cavitation proof film of Ta provided for the 
elemental substrate 1 is grounded through the silicon 
substrate or the like that constitutes the elemental sub- 
strate 1 . In this way, it becomes possible to protect the 
heating elements 2 and functional elements, such as 
latch circuits, on the elemental substrate 1 from the 
charges of the ion seed and radical decomposed by the 
plasmic discharges in the reaction chamber of the plas- 
ma CVD apparatus. 

[0078] Now, in Fig. 9C, after the Al film is formed on 
the surface of the SiN film 72 by the sputtering method 
in a thickness of approximately 6100 A, the Al film thus 
formed is patterned by the known means of photolitho- 
graphic process to leave the Al film 73 in tact as the sec- 
ond protection layer on the portion of the SiN film 72 
surface that corresponds to the movable members 6, 
that is, the movable member formation area on the sur- 
face of the SiN film 72. The Al film 73 becomes the pro- 
tection layer (etching stop layer) when the liquid flow 
paths 7 are dry etched. 

[0079] Then, in Fig. 10A, on the surfaces of the SiN 
film 72 and the Al film 73, the SiN f i Im 74 for the formation 
of the flow path side walls 9 is formed by the microwave 
CVD method in a thickness of 50 urn approximately. 
Here, as the gas used for the microwave CVD method 
to form the SiN film 74, monosilane (SiH 4 ), nitrogen (N 2 ), 
and Argon (Ar) are used. As the gas combination, it may 
be possible to use disilane (Si 2 H 6 ), ammonia (NH 3 ), or 
the like besides the one described above. Also, the SiN 
film 74 is formed with the power of the microwave of 1 .5 
kW at a frequency of 2.45 GHz, and monosilane is sup- 
plied at a flow rate of 100 seem, nitrogen at 100 seem, 
and argon at 40 seem under a high vacuum of 5 mTorr. 
Here, it may be possible to form the SiN film 74 by the 
microwave plasma CVD method having other gas com- 
position ratio other than the one described above. 
[0080] When the SiN film 74 is formed by the CVD 
method, the cavitation proof film of TA formed on the 
surface of the heating elements 2 is grounded through 
the silicon substrate of the elemental substrate 1 as in 
the case where the SiN film 72 is formed as described 
in conjunction with Fig. 7. In this way, it becomes pos- 
sible to protect the heating elements 2 and functional 
elements, such as latch circuits, on the elemental sub- 
strate 1 from the electric charges of the ion seed and 
radical decomposed by the plasmic discharges in the 
reaction chamber of the CVD apparatus. 
[0081] Then, after the Al film is formed on the entire 
surface of the SiN film 74, the Al film thus formed is pat- 
terned by the known photolithographic method to pro- 
duce the Al film 75 on the portion of the surface of the 
SiN film with the exception of the portions that corre- 
spond to the liquid flow paths 7. As described earlier, 
the width of the direction of the metallic layer 71 that 
forms each of the gaps, which is orthogonal to the flow 



path direction of the liquid flow paths 7, becomes larger 
than the width of the liquid flow paths 7 formed in the 
process to be described in conjunction with the Fig. 1 0B 
so that the side portion of the Al film 75 is arranged 
s above the side portion of the metallic layer 71 that forms 
each gap. 

[0082] Now, in Fig. 10B, using the etching apparats 
that uses dielectric coupling plasma the SiN film 74 and 
the SiN film 72 are patterned to form the flow path side 

10 walls 9 and the movable members 6 at a time. The etch- 
ing apparatus uses a mixed gas of CF 4 and 0 2> and 
etches the SiN film 74 and the SiN film 72 with the Al 
films 73 and 25 and the metallic layer 71 that forms each 
gap as the etching stop layer, that is, a mask so that the 

f5 SiN film 74 produced in a trench structure. In the process 
of patterning the SiN film 72, the unwanted portions of 
the SiN film 72 are removed to enable only the fixedly 
supporting portion of the movable members 6 to be fixed 
on the metallic layer 71 that forms each gap as shown 

20 in Fig. 1. 

[0083] Here, when the SiN films 72 and 24 are etched 
by use of the dry etching apparatus, the metallic layer 
71 that forms each gap is grounded through the elemen- 
tal substrate 1 or the like as described with reference to 

2S Fig. 8. In this way, it becomes possible to protect the 
heating elements 2 and functional elements, such as 
latch circuits, on the elemental substrate 1 by preventing 
the electric charge of the ion seed and radical generated 
by the decomposed gas CF 4 from residing on the me- 

30 tallic layer 71 that forms each gap at the time of dry etch- 
ing. Also, the width of the metallic layer 71 that forms 
each gap is made larger than that of the liquid flow paths 
7 to be formed in the etching process. Therefore, the 
surface of the elemental substrate 1 on the heating 

3S member 2 side is not exposed when the unwanted por- 
tions of the SiN film 74 are removed, and the elemental 
substrate 1 is reliably protected by the metallic layer 71 
that forms each gap. 

[0084] Now, in Fig. 10C, the Al films 73 and 75 are 

^0 liquidated by use of a mixed acid of acetic acid, phos- 
phoric acid, and nitric acid, and removed by the hot etch- 
ing of the Al films 73 and 25. At the same time, the me- 
tallic layer 71 that forms each gap with the Al film is partly 
liquidated to be removed. Then, the metallic layer 71a 

4S that forms each gap is made by the remaining portion 
thereof. In this manner, the movable members 6 and the 
flow path side walls 9 are incorporated on the elemental 
substrate 1. After that, the portions of the HW.film 
formed on the elemental substrate 1 as the pad protec- 

so tion layer, which correspond to the bubbling areas 10 
and pads, are removed by use of hydrogen peroxide. 
The closely contacted portion between the elemental 
substrate 1 and the flow path side walls 9 contains the 
TiW which is the structural material of the pad protection 

55 layer, and the Ta which is the structural material of the 
capitation proof film of the elemental substrate 1. 
[0085] As has been described above, in accordance 
with the present invention, the metallic layer that forms 
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a gap is utilized at least on a part of the wiring that con- 
nects between the elemental substrate and the ceiling 
plate or that connects with the external circuits. This me- 
tallic layer that forms the gap is considerably thicker than 
that of the wiring patterns formed on the elemental sub- 
strate, and the electric resistance of the wiring is small. 
When this member is used for the heating elements 2 
on the elemental substitute 1 as the common elec- 
trodes, there is a particular effect with respect to the 
problems of the electrode droppage. 
[0086] Fig. 11 is a plan view which schematically 
shows the substrate in accordance with the first embod- 
iment which has been described earlier. Here, in Fig. 11 , 
the protection layer for covering the metallic layer 71a 
that forms each of the gaps is not represented. Refer- 
ence numeral 500 denotes a heater arrangement por- 
tion 501 and 502 denote an inner side and an outer side 
of liquid chamber frame, respectively. 
[0087] As shown in Fig. 11 , the metallic layer 71a is 
structured to extend in the arrangement direction of the 
heating elements. Then, byway of through hole 223, this 
layer is connected with the lower layer lead-out elec- 
trode 222. Then, voltage can be applied to this lead-out 
electrode 222 when the electrode pad 224 is connected 
with the electric connector of the apparatus. With the 
structure thus arranged, the metallic layer 71a that 
forms each of the gaps is installed in the liquid chamber 
to make it possible to prevent any excessive steps on 
the bonding surface of the substrate to the ceiling plate. 
[0088] In accordance with the present embodiment, 
the metallic layer 71a that forms each of the thick gaps 
is utilized for wiring to make the electrical resistance 
small as a whole eventually. The electrical resistance is 
determined by the product of the thickness of wiring and 
the area thereof. Therefore, it becomes possible to 
make the whole size of the chip that constitutes a head 
smaller by narrowing the plane width of the wiring pat- 
tern without making its electrical resistance higher. In 
other words, whereas the conventional liquid discharge 
head needs a comparatively wide space in order to 
make the width of the wiring larger to reduce the elec- 
trical resistance thereof both in the wiring area used for 
supplying signal voltage, and the ground wiring area, the 
head of the present embodiment has a thicker metallic 
layer that forms each of the gaps, where the electric loss 
is small, thus making it possible to suppress the value 
of the eclectic resistance to the same level as the con- 
ventional one even if the widths of other wiring portions 
are made smaller to that extent. Therefore, both the wir- 
ing area used for supplying signal voltage and the 
ground wiring area can be made smaller. Then, the 
space thus made available can be utilized effectively for 
the arrangement of other members. Along with this, the 
wiring area can be arranged compactly to reduce the 
number of the contact pads accordingly or a liquid dis- 
charge head can be made smaller as a whole. In this 
case, the number of chips that can be manufactured per 
water is increased, and the costs of manufacture can be 



reduced to that extent. 

[0089] In other words, the present invention makes 
electric resistance small, while keeping the size of a chip 
appropriately, hence making it possible to attempt im- 

s proving the electrical efficiency. Also, the size of the chip 
can be made smaller, while keeping the electric resist- 
ance appropriately, hence making it possible to attempt 
reducing the size of apparatus which can be manufac- 
tured at lower costs. 

10 [0090] Now, with reference to Fig. 12 to Fig. 14, the 
description will be made of the liquid discharge head in 
accordance with a second embodiment of the present 
invention. Here, the same reference marks are applied 
to the same structures as those appearing in the first 

is embodiment, and the description thereof will be omitted. 
[0091] In accordance with the first embodiment, the 
metallic layer 71a that forms each of the gaps between 
the wiring 210 and wiring 305 is utilized as shown in Fig. 
3 to electrically connect the elemental substrate 1 and 

20 the external member, the ceiling plate 3, or the like. How- 
ever, for the present embodiment, the wiring 21 0 is omit- 
ted on one side.and then, the wiring 305 and the metallic 
layer 71a that forms each gap are allowed to be in con- 
tact directly on the through hole 201 portion as shown 

25 in Fig. 12. Also, in this structure, the wiring 210 is not 
present. As a result, the interlayer film 303 is not need- 
ed, either. Here, although omitted in Fig. 3, the wiring 
305 is connected with a semiconductor portion, which 
is not shown, but formed on the elemental substrate 1 

30 by way of the through hole 230 and the resistive layer 
304. Then, with this wiring pattern, the connection is 
made with the transistor and other driving elements, 
which are not shown, either. 

[0092] Now, with reference to Fig. 1 3 and Fig. 14, this 

35 electric connection will be described. In the case of the 
liquid discharge head of the first embodiment which is 
shown in Fig. 13 schematically, the individual connec- 
tion is made between each of the heating elements 240 
and the driving element, such as transistor, by use of 

40 the wiring 305. Then, the wiring 21 0 is used to put each 
of the wirings 305 together. Further, although not shown 
in Fig. 13, the metallic layer 71a that forms each gap is 
used as wiring to make connection with the external cir- 
cuit, the ceiling plate and the like from the wiring 210. 

45 On the other hand, in accordance with the present em- 
bodiment shown in Fig. 14, the individual connection is 
made by the wiring 305 between each of the heating 
elements 240 and the driving elements, such as transis- 
tor, while the metallic layer 71 a that forms each gap puts 

so each of the wirings 305 together, and at the same time, 
connection is made with the external circuits, the ceiling 
plate, and the like. In other words, the metallic layer 71a 
that forms each gap is arrange to dually operate the 
function of the wiring 210 of the first embodiment. 

55 [0093] As described above, in accordance with the 
present embodiment, the structure is made simpler, and 
the manufacturing process are simplified. The costs of 
manufacture are also reduced. Further, since the resis- 
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tive layer (TaN layer) resides on the lower layer ot the 
wiring (Al layer) 305, it becomes possible to prevent the 
creation ot spikes by the contact between the semicon- 
ductor portions and the wiring (Al layer) 305, thus elim- 
inating the barrier process which is needed for the pre- 
vention of Al diffusion. 

[0094] In accordance with the present invention, it is 
possible to utilize the metallic layer that forms each of 
the sufficiently large gaps as the wiring layer used for 
electrical connection, here particularly as the common 
electrodes, thus making it possible to make the electric 
resistance significantly small. Along with this, the elec- 
trical efficiency is enhanced. Also; it is possible to im- 
plement making the apparatus smaller, and the costs of 
manufacture lower as well. The metallic layer that forms 
each gag is the member which has been used for the 
conventional apparatus which is provided with the mov- 
able members. Therefore, there is no need for making 
the manufacturing processes and structures complicat- 
ed in particular. Also, by use of the metallic layer that 
forms each gap as wiring, the number of wiring patterns 
can be reduced when made on the substrate, thus mak- 
ing it possible to simplify the structure. 
[0095] A micro-electromechanical device comprises 
a movable member having a fixedly supporting portion 
and movable portion, and a substrate for having the 
movable member which is supported in a state having 
a specific gap with the substrate. For this device, a me- 
tallic layer which provides the gap for the movable por- 
tion is covered by the fixedly supporting portion of the 
movable member, and remains to be used as a wiring 
layer. The wiring layer is electrically connected with a 
plurality of wirings provided for the substrate. With the 
structure thus arranged, the electric resistance is made 
significantly small. The electrical efficiency is enhanced 
accordingly. Also, the apparatus that adopts this device 
is made smaller, and the costs of manufacture thereof 
is made lower as well. 



Claims 

1. A micro-electromechanical device comprising: 

a movable member having a fixedly supporting 

portion and movable portion; and 

a substrate for having said movable member, 

said movable member being supported in a 

state having a specific gap with said substrate, 

wherein 

a metallic layer for providing said gap for said 
movable portion is covered by said fixedly sup- 
porting portion of said movable member, and 
remains to be used as a wiring layer. 

2. A micro-electromechanical device according to 
Claim 1 , wherein said wiring layer is electrically con- 
nected with a plurality of wirings arranged on said 



substrate. 

3. A liquid discharge head comprising: 

5 an elemental substrate; 

a ceiling plate laminated on said elemental sub- 
strate; 

a flow path formed between said elemental 
substrate and said ceiling plate; and 

10 a movable member having a fixedly supporting 

portion and a movable portion, said movable 
portion being positioned in said flow path, and 
said movable member being supported in a 
state having a specific gap with said elemental 

16 substrate, wherein 

a metallic layer 1or providing said gap for said 
movable portion is covered by said fixedly sup- 
porting portion of said movable member, and 
remains to be used as a wiring layer. 

20 

4. A liquid discharge head according to Claim 3, 
wherein a heating element for use of liquid dis- 
charge is provided corresponding to said flow path 
on said elemental substrate, and said wiring layer 

25 js electrically connected with said heating element 
through wiring. 

5. A method for manufacturing a liquid discharge head 
provided with an elemental substrate, a ceiling plate 

30 laminated on said elemental substrate, and a flow 
path formed between said elemental substrate and 
said ceiling plate, comprising the following steps of: 

forming a metallic layer for the formation of a 
35 gap on said elemental substrate; 

forming a thin film layer on said metallic layer 
to become a movable member; 
removing a portion of said metallic layer posi- 
tioned below movable portion of said movable 
40 member, while keeping a portion of said mova- 

ble member positioned below said fixedly sup- 
porting portion to remain intact; and 
making at least a part of the remaining portion 
of said metallic layer as a wiring layer to be 
45 electrically connected with the wiring pattern on 

said elemental substrate. 

6. A liquid discharge head according to Claim 5, 
wherein said thin film layer is formed by SiN, and 

so said metallic layer is formed by Al or Al alloy. 
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